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Abstract
Recent results on heavy flavor physics using data from the ATLAS and CMS detectors are presented. The searches
for new physics signatures in CP violation of B0s − B0s mixing and in B0 → K∗0µ+µ− decays are discussed. The
bottomonium and open-b production results obtained from pp collisions at LHC are shown. The results are based on
data samples containing µ+µ− pairs collected with the ATLAS or CMS detectors by their corresponding muon trigger
systems.
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1. CP-violating weak phase φs and ∆Γs from flavor-
tagged time-dependent angular analysis of B0s →
J/ψφ by ATLAS
New phenomena beyond the predictions of the Stan-
dard Model (SM) may alterCP violation in B-decays. A
channel that is expected to be sensitive to new physics
contributions is the decay B0s → J/ψφ (quark content
B0s ≡ bs¯ [1]). CP violation in the B0s → J/ψφ de-
cay occurs due to interference between direct decays
and decays occurring through B0s − B0s mixing. The
oscillation frequency of B0s meson mixing is character-
ized by the mass difference ∆ms of the heavy (BH) and
light (BL) mass eigenstates. The CP-violating phase
φs is defined as the weak phase difference between the
B0s − B0s mixing amplitude and the b → ccs decay am-
plitude. In the SM the phase φs is small and can be
related to CKM quark mixing matrix elements; a value
of φs ' −2βs = −0.0368±0.0018 rad is predicted in the
SM [2]. Many models describing a new physics predict
larger φs values whilst satisfying all existing constraints,
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including the precisely measured value of ∆ms [3, 4].
Another physical quantity involved in B0s − B0s mixing
is the width difference ∆Γs = ΓL − ΓH of BL and BH .
Physics beyond the SM is not expected to affect ∆Γs as
significantly as φs [5]. The decay of the pseudoscalar B0s
to the vector-vector final-state J/ψφ results in an admix-
ture of CP-odd and CP-even states, with orbital angular
momentum L = 0, 1 or 2. The CP states are separated
statistically through the time-dependence of the decay
and angular correlations among the final-state particles.
The analysis is based on a data sample of an in-
tegrated luminosity 4.9 fb−1 collected in 2011 by the
ATLAS detector in pp collisions at
√
s = 7 TeV
with di-muon triggers selecting J/ψ → µ+µ− candi-
dates [6]. The triggers select di-muon events requir-
ing both muons to have pT(µ±) > 4 GeV/c, or with
asymmetric requirements of pT(µ1) > 6 GeV/c, and
pT(µ1) > 4 GeV/c with a rapidity range of |η(µ±)| < 2.4
for both cases. The candidates for φ → K−K+ are re-
constructed from all pairs of oppositely charged par-
ticles with pT(h) > 1 GeV/c and |η(h)| < 2.5, that
are not identified as muons. The B0s candidates are
reconstructed using measurements provided by the in-
ner tracking detectors and the muon spectrometers [7].
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Candidates for B0s → J/ψ(→ µ+µ−)φ(→ K−K+) 2 are
sought by fitting the tracks for each combination of
J/ψ → µ+µ− and φ → K−K+ to a common vertex with
m(µ+µ−) constrained to the world average m(J/ψ) [1].
In total N(B0s) = 131, 000 candidates are collected
within a mass range of m(B0s) ∈ (5.15, 5.65) GeV/c2 to
be used in the likelihood fit. To infer the initial flavor
of the B-meson (B0s or B0s) the flavor of the B-hadron
originating from the other b-quark (OS tagging) is de-
termined. The flavor tagging probabilities are evalu-
ated using the calibration mode B− → J/ψK− recon-
structed in the same data sample. A maximum likeli-
hood fit is performed over an unbinned set of the re-
constructed mass m, the measured proper decay time,
t ≡ Lxy · m(B0s)/(c · pT(B0s)), the measured mass and
proper decay time uncertainties σm and σt, and the
transversity angles Ω of each B0s → J/ψφ decay can-
didate satisfying the selection criteria [6]. The fit finds
the following values for the physics parameters of the
interest:
φs = 0.12 ± 0.25 (stat.) ± 0.11 (syst.) rad
∆Γs = 0.053 ± 0.021 (stat.) ± 0.009 (syst.) ps−1
Γs = 0.677 ± 0.007 (stat.) ± 0.003 (syst.) ps−1
|A0(0)|2 = 0.529 ± 0.006 (stat.) ± 0.011 (syst.)
|A‖(0)|2 = 0.220 ± 0.008 (stat.) ± 0.009 (syst.)
δ⊥ = 3.89 ± 0.46 (stat.) ± 0.13 (syst.) rad
The resulting contours for the several confidence inter-
vals are produced using a profile likelihood method and
are shown in Fig. 1. The values are consistent with
those obtained in the previous untagged analysis [8],
and as expected improving significantly on the overall
uncertainty on φs. These results are also consistent with
theoretical expectations, in particular φs and ∆Γs are in
good agreement with the values predicted in the Stan-
dard Model.
2. Angular analysis of the decay B0 → K∗0µ+µ−
Another productive area for indirect searches of new
phenomena, in flavor physics, is the study of flavor-
changing neutral current decays of b hadrons such as the
semileptonic decay mode B0 → K∗0µ+µ−. This decay
is forbidden at tree level in the SM, resulting in small
SM rates. From the theoretical side, robust calculations
2Unless otherwise stated all references to the specific charge com-
bination imply the charge conjugate combination as well.
Figure 1: Likelihood contours in the φs−∆Γs plane. Three contours
show the 68%, 90% and 95% confidence intervals (statistical errors
only).
are now possible for much of the phase space of this de-
cay and the calculations also indicate that new physics
could give rise to readily observable effects. Finally, this
decay mode is relatively easy to select and reconstruct
at hadron colliders. Two important observables in the
B0 → K∗0(892)(→ K−pi+)µ+µ− decay are the forward-
backward asymmetry of the muons, AFB, and the lon-
gitudinal polarization fraction of the K∗0(892), FL. The
relevant angular variables are the angle θl defined as the
angle between the positive (negative) muon momentum
and the direction opposite to the B0 (B0) in the dimuon
reference frame and the angle θK defined as the angle
between the kaon momentum and the direction opposite
to the B0 (B0) in the K∗0 (K∗0) rest frame. The decay rate
distribution of B0 → K∗0µ+µ− is described as a function
of θl and θK and is measured in several q2 (≡ m2(µ+µ−))
bins. The main results of the analysis, FL and AFB are
extracted from unbinned extended maximum likelihood
fits to three variables: m(B0) and the two angular vari-
ables. The results yielded by fits for every q2 bin are
compared to SM predictions [9]. Deviations from the
SM predictions may indicate new phenomena.
The CMS analysis [10] uses the data sample of∫ L dt ≈ 5.2 fb−1 collected by several flavors of CMS
dimuon trigger. The CMS trigger acceptance criteria
are |η(µ±)| < 2.2, pT(µ±) > 3, 4, 4.5, 5 GeV/c (de-
pending on trigger flavor) and pT(µ+µ−) > 6.9 GeV/c.
The CMS trigger fits µ+µ− pairs to a common point re-
quired to be displaced from a vertex of the origin of
pp interaction. The K∗0 candidates are reconstructed
through their decay mode K∗0 → K−pi+ and the B0 →
K∗0(892)(→ K−pi+)µ+µ− is reconstructed by fitting the
identified µ+µ− pair and the two hadron tracks each with
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pT(h) > 0.75 GeV/c to a common vertex.
The ATLAS analysis [11] is based on
∫ L dt ≈
4.9 fb−1 of data collected by ATLAS single muon
and dimuon triggers. The main ATLAS triggers se-
lect di-muon events requiring both muons to have
pT(µ±) > 4 GeV/c or alternatively pT(µ1) > 6 GeV/c
and pT(µ2) > 4 GeV/c with a rapidity range of
|η(µ±)| <2.4. In most ATLAS triggers no constraint
on the di-muon invariant mass is applied. The K∗0
candidates are reconstructed from hadron tracks with
|η(h)| <2.5 and pT(h) > 0.5 GeV/c.
The results are shown in Fig. 2. No deviations from
the SM predictions [9] are found by both experiments.
There is a slight tension between ATLAS data and SM
expectations for low q2 bins.
Figure 2: Results of the measurement of FL (upper plots) and AFB
(bottom plots) versus the dimuon q2. The q2 bins corresponding to
J/ψ and ψ(2S ) resonances are not filled. Good agreement with SM
predictions [9] is found.
3. Υ(1S), Υ(2S), Υ(3S) cross section measurements
by CMS
In this section we present the production of the low-
est Υ(nS ) states in pp collisions studied with the CMS
detector. These bottomonium (bb) states are produced
promptly, contrary to charmonium (cc) states originat-
ing partially from weak b-decays. Their dominant pro-
duction mechanism is through the fragmentation of par-
tons, e.g., gluons, g → bb though some fraction of S -
wave states result from the strong or radiative decays
of higher, e.g., P-wave bb states. There are several
bottomonium production models which predict differ-
ent shapes of pT production spectra at their high range
in pp collisions [12]. The experimental measurements
from LHC provide access to high-pT range of Υ(nS )
production spectra to make a useful comparison with
the predictions.
Earlier, the ATLAS Collaboration has published the
production cross section measurements of all three
Υ(1S ), Υ(2S ), Υ(3S ) states [13]. The analysis was
based on
∫ L dt ≈ 1.8 fb−1 collected by ATLAS dimuon
triggers. The total production cross-section over pΥT <
70 GeV/c and
∣∣∣yΥ∣∣∣ < 2.25 and the pT spectra in cen-
tral rapidity
∣∣∣yΥ∣∣∣ < 1.2 and forward 1.2 < |yΥ | < 2.25
rapidity intervals have been measured [13].
The latest analysis by the CMS Collaboration pre-
sented here is based on an unprescaled dimuon trigger
involving the tracker and muon systems [14]. The larger
data sample of
∫ L dt ≈ 4.9 fb−1 contains Υ(nS ) →
µ+µ− candidates with vertex fitted and produced in a
central area,
∣∣∣yΥ∣∣∣ < 0.6 with a broad pT range of
10 − 100 GeV/c. The experimental spectra are found
from fits of the invariant mass m(µ+µ−) distributions
of the candidates reconstructed in several pT bins of∣∣∣yΥ∣∣∣ < 0.6 rapidity range. The raw spectra are cor-
rected by the trigger efficiency, by the acceptance of
analysis criteria and normalized to the luminosity and
B(Υ(nS ) → µ+µ−). The results are shown in Fig. 3
for Υ(1S ) and Υ(2S ) states [14]. The pT-spectra reveal
at pT >∼ 20 GeV/c the change of an exponential shape to
a power-law behavior. To emphasize the transition area
the production ratio dσdpT ·B(Υ(2S ))/ dσdpT ·B(Υ(1S )) is pre-
sented at the bottom right plots both for CMS and AT-
LAS. Interestingly enough, the recently published AT-
LAS spectra [13] do show the similar break-down of
the shape around pT ∼ 20 GeV/c as the right bottom
plot of Fig. 3 demonstrates. In a summary, new mea-
surements of dσdpT
∣∣∣∣|y|<0.6 × B(Υ(nS )→ µ+µ−) in a wide
range of pT ∈ (10 − 100) GeV/c are made with CMS
detector. The transition from nearly exponential cross
section decrease with pT to power-law behavior for all
three Υ(nS ) is observed presenting a challenge to theo-
retical models.
4. B+ → J/ψK+ cross section measurements by AT-
LAS
Measurements of the b-hadron production cross sec-
tion in pp collisions at LHC provide further tests of
QCD calculations for heavy-quark production at higher
center-of-mass energies and in wider transverse mo-
mentum (pT) and rapidity (y) ranges, thanks to the ex-
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Figure 3: CMS results: Υ(1S ) production cross section spectrum
(upper left plot), Υ(2S ) production spectrum cross section (upper
right plot) and the ratio dσdpT · B(Υ(2S ))/ dσdpT · B(Υ(1S )) of pro-
duction spectra (bottom left plot). ATLAS result to compare: AT-
LAS (Υ(2S ))/(Υ(1S )) production ratio (bottom right plot). The same
change in shape of the production ratio at high pT is observed.
tended coverage and excellent performance of the LHC
detectors. ATLAS and CMS are sensitive in the central
rapidity region, so their measurements are complemen-
tary to open beauty measurements with LHCb detector.
In this section we present the production cross sec-
tion measurement for B+ reconstructed in its fully ex-
clusive decay mode to J/ψ(→ µ+µ−)K+ using the AT-
LAS detector. The data for this analysis correspond to
an integrated luminosity
∫ L dt ≈ 2.4 fb−1 collected at√
s = 7 TeV by a dimuon trigger, which requires the
presence of at least two muon candidates of pT(µ±) >
4.0 GeV/c and |η(µ±)| < 2.4 each. Offline, the events
are required to contain at least one pair of reconstructed
muons, and each pair is fitted using a vertexing al-
gorithm. The corresponding J/ψ → µ+µ− candidate
with fitted common vertex is selected with the invariant
mass, m(µ+µ−) ∈ (2.7, 3.5) GeV/c2. The muon tracks
of the selected J/ψ are again fitted to a common ver-
tex with an additional hadron track of pT(h) > 1 GeV/c
and with the K± mass assigned. The three-track ver-
tex fit is performed by constraining the muon tracks to
the J/ψ world average mass [1]. The B+ candidates
with pT(B+) > 9 GeV/c and |y(B+)| < 2.3 in the mass
range m(B+) ∈ (5.040, 5.800) GeV/c2 are kept for fur-
ther analysis. The number of reconstructed B+ mesons
is obtained using a binned maximum likelihood fit to
the invariant mass of the selected candidates per ev-
ery (∆pT, ∆y) bin. The cross section d2σ(pp → B+ +
X)/dpTdy for four ∆y and eight ∆pT intervals, covering
the range of |y| < 2.25 and pT ∈ (9, 120) GeV/c are pre-
sented in Fig. 4 [15]. The measured differential cross
section is compared with the QCD NLO calculations.
The predictions are obtained using Powheg+Pythia and
MC@NLO+Herwig and are quoted with an uncertainty
from renormalization and factorization scales and b-
quark mass of the order of (20 − 40)%. Within these
uncertainties, Powheg+Pythia predictions are in agree-
ment both in absolute scale and in the shape with the
measured pT and y double differential distributions. At
low |y|, MC@NLO+Herwig predicts lower production
cross section and a softer pT spectrum than the one ob-
served in data, which becomes harder for |y| > 1.0. An
FONLL calculation with fb → B+ = (40.1±1.3)% to fix
the overall scale, is in a good agreement with the mea-
sured spectra, in particular at pT < 30 GeV/c range.
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Figure 4: Double-differential cross section of B+ production as a func-
tion of pT for different rapidity ranges: (left plot) The data points are
compared to NLO predictions from Powheg and MC@NLO; (right
plot) the data points are compared with FONLL predictions (see also
inset) and the CMS results as well.
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